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Abstract Using the CICES sea ice model with ERAS atmospheric and ocean forcing, this
study investigates the fidelity of modeling Arctic sea ice extent and volume and their sensitivity
to key physical parameters. The model well simulated the overall seasonal cycle of sea ice
extent and sea ice volume, but exhibits systematic biases such as an overestimation of summer
sea ice extent and an underestimation of winter sea ice volume. These biases stem from the
model’s overestimation of sea ice concentration in the marginal Arctic Ocean in summer and
underestimation of sea ice thickness in the central Arctic Ocean in winter. A parameter sensitiv-
ity analysis is performed by changing values of physical parameters representing radiation,
thermodynamical and dynamical processes. The result indicates that the radiative and thermody-
namical parameters such as emissivity of snow and ice, ice density, snow density, and thermal
conductivity of snow exhibits the higher sensitivity, with the first two parameters having the
highest sensitivity. The dynamic parameters play little role. This information can be used to opti-
mize parameter setting in sea ice model and further to enhance the capability of simulating polar
climate in coupled model and Earth system model.
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al., 2022; Boutin et al., 2023) % A& 4] W7 (Lee
and Ahn, 2014), o8] #53} 224 A8 F o] &g &
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2015). CICES= allje] U§ 383 Wiy 722 &
J& elastic-viscous-plastic rheology 3| <38} o]
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Al EY o]l FthHunke and Dukowicz, 2002;
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GAEE Fd| Il Uth(Feltham et al., 2006;
Turner et al, 2013). X3k linear remapping ice
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Centre for Medium-Range Weather Forecasts reanalysis
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Table 1. Description of parameters used in sensitivity experiments.
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Parameter Description Default value Changed values
Radiation Parameters
€ Emissivity of snow and ice 0.95 0.9215, 0.9785
Rice Delta-Eddington snow tuning parameter 0.5 0.35, 0.65
Rsnow Delta-Eddington sea ice tuning parameter 1.5 1.05, 1.95
Thermodynamic Parameters
pi Ice density 917 kg m™ 907.83, 926.17
Ps Snow density 328 kgm™ 326.36, 329.64
ko Thermal conductivity of fresh ice 203Wm' K 1.421, 2.639
ks Thermal conductivity of snow 03Wm' K" 0.21, 0.39
Dynamic Parameters
Cr Empirical parameter accounting for frictional energy dissipation 17 11.9,22.1
Cs Fraction of shear energy contributing to ridging 0.25 0.175, 0.325
Foae Snow fraction that survives in ridging 0.5 0.35, 0.65
Eg Ratio of damping time scale to time step 0.36 0.252, 0.468
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Fig. 1. Seasonal cycle of (a) sea ice extent and (b) sea ice
volume of simulated CICE5 using ERAS5 atmospheric
forcing (black) and observations (blue; sea ice extent from
NSIDC and sea ice volume calculated using PIOMAS) from
1979 to 2018. Vertical bars represent the range of +1.0
standard deviations over 40 years.
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Fig. 2. Seasonal SST difference between NOAA OISST and simulated CICE SST (OISST minus CICE) from 1982 to 2018.
Black lines indicate that ice extent criteria (ice concentration > 15%).
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A3 FHo] UtHGuemas et al., 2014; Sun and
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Fig. 3. Interannual variability of (a) sea ice extent in summer
(JAS) and (b) sea ice volume in winter (NDJFM) of
simulated CICES5 using ERAS atmospheric forcing (black)
and observations (blue; sea ice extent from NSIDC and sea
ice volume calculated using PIOMAS) from 1979 to 2018.
Dotted lines represent the trend over 40 years.
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Fig. 4. (a, ¢, e, g) Bias (model minus observation) and (b, d, f, h) correlation between sea ice concentration and sea ice thickness
from CICES and observations. Top panel shows sea ice concentration and bottom panel shows sea ice thickness. Left panel
shows summer season (JAS) and right panel shows winter season (NDJFM). In the observations, sea ice concentration is from
NSIDC and sea ice thickness is from PIOMAS. Note that the color bars are reversed in (a, c, e, and g).
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(d) SIC (JAS; o))

150w, JERE 150E

Fig. 5. Sensitivity test results of CICE5 parameters (a) €, (b) Rice; (€) Ronow (d) pi, (€) ps, () ko, (g) ks (h) Cp, (i) Cs, () Forae and
(k) E, for summer (JAS) sea ice concentration. All results are averaged for 40 years of the differences between experiments
with higher parameters and with lower parameters.

(a) Ice thickness (NDJFM; €) (b) Ice thickness (NDJFM; R,)  (c) Ice thickness (NDJFM; R,,,)

(d) Ice thickness (NDJFM; p;) (e) Ice thickness (NDJFM; p,) (f) Ice thickness (NDJFM; ko)

Fig. 6. Same as Fig. 5 except for winter (NDJFM) sea ice thickness.
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Fig. 7. Parameter sensitivity for (a) summer sea ice extent and (b) winter sea ice volume in CICES5. Vertical bars represent +1.0

standard deviation over 40 years.
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